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Abstract
The catalytic oxidation of 1,2-dichlorobenzenewas investigated over NaYandNaX zeolites, loaded with chromium through the action of a robust
biosorption system consisting of a bacterial biofilm supported on the zeolites. The results of biosorption showed that the maximum metal removal
efficiencywas 20%, in both systems based onNaYorNaX, starting from solutionswith chromium(VI) concentrations ranging from 50 to 250 mgCr/L.
The bacterial biofilm, Arthrobacter viscosus, supported on the zeolite reduces Cr(VI) to Cr(III). The Cr(III) is retained in the zeolite by ion exchange.
The new catalysts were characterized by spectroscopic methods (FTIR ), chemical analyses (ICP-AES), surface analysis (XRD) and thermal analysis
(TGA). The various techniques of characterization show that this biosorption process does not modify the morphology and structure of the FAU-
zeolites. These catalysts, Cr/FAU, prepared through this newprocedure present good activity and selectivity for dichlorobenzeneoxidation inwet air at
350 8C. The Cr50-Y was selected as the most active, selective and stable catalyst for oxidation of 1,2-dichlorobenzene in wet air.
# 2006 Elsevier B.V. All rights reserved.
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Nowadays, pollution control is one of the major concerns
for the scientific community as well as for environmentalists.* Corresponding author. Tel.: +351 253604057x4410; fax: +351 253678983.
E-mail address: ineves@quimica.uminho.pt (I.C. Neves).
0926-3373/$ – see front matter # 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.apcatb.2006.04.002The major pollutants are the greenhouse gases, metal, organic
and inorganic effluents and volatile organic compounds
(VOCs). Cadmium (Cd), chromium (Cr) and lead (Pb) are
common toxic pollutants in aqueous waste streams of many
industries such as metal plating facilities, mining operations
and tanneries. Contaminated soils pose a risk of metals
groundwater and surface water contamination. Numerous
processes exist for removing dissolved heavy metals including
H. Figueiredo et al. / Applied Catalysis B: Environmental 66 (2006) 274–280 275chemical precipitation, ion exchange, membrane filtration,
reverse osmosis and carbon adsorption [1].
Activated carbon adsorption is considered to be a
competitive and effective process for the removal of metals
at trace quantities. However, the use of activated carbon is
expensive for small industries with tight budget and they need
alternative technologies or sorbents for these treatments [2,3].
In this regard, zeolites have a great potential for removing
heavy metal from industrial wastewater. The existence of a net
negative structural charge in the structure promotes a strong
affinity for metal ions which gives good adsorption properties
to these supports. Sodium, potassium and other positively
charged exchangeable ions occupy the channels within the
three-dimensional structure and can be replaced by heavy
metals [4].
The applications of natural zeolites to wastewater treatment
have been done in recent years. The removal of heavy metals
from wastewater using clinoptilolite, the most abundant zeolite
in nature, was studied. The results indicated that the ion
exchange loading values could range from 1.6 mg/g for Pb2+ to
0 mg/g for Cr3+ [5]. One of the approaches to remove the Cr3+
from solution is to combine biosorption by a bacterium with ion
exchange capacity of a zeolite.
Biosorption is the accumulation of metals by biological
materials without active uptake and can be considered as a
collective term for a number of passive accumulation processes
which may include ion exchange, coordination, complexation,
chelation, adsorption and microprecipitation [6]. Other authors
[7] referred that biosorption is the ability of biological materials
to accumulate heavy metals from waste streams by either
metabolically mediation or by purely physio-chemical path-
ways of uptake.
Bacteria are quite adequate for heavy metals biosorption due
to their ability to sorb metal ions, suitability for natural
environments and low cost. Arthrobacter viscosus is a good
exopolysaccharide producer, which, by itself, would allow
foreseeing good qualities for support adhesion and for metal
ions entrapment [8]. The new systems combine the biosorption
properties of the microorganism with some characteristics of
the heterogeneous catalysts, such as ion exchange properties
and shape selectivity.
Among different heavy metals that may be removed from
liquid solutions by biosorption, chromium demands special
attention as it may present several oxidation states. Chromium
was removed from K2Cr2O7 liquid solutions with different
initial concentrations. A possible reduction of Cr2O7
2 may be
performed by the biofilm itself. The metabolic reduction has
been studied and modeled for different pure bacterial cultures
[9]. A. viscosus bacterium supported on the zeolite reduces
Cr(VI) to Cr(III) and the Cr(III) is retained in the zeolite by ion
exchange. In this way, the bacteria allow metal loading of the
zeolite, as sterical limitations and charge repulsions would not
permit the zeolite loading with the anionic species, Cr2O7
2.
This research adds two important approaches, biosorption of
toxic pollutants and catalytic oxidation of halogenated benzene
derivatives. What is usually considered a xenobiotic pollutant,
chromium(VI) in wastewater can, therefore, be transformed in acompetitive and selective catalyst to be applied in oxidation of
persistent organic compounds.
Catalytic oxidation is one of the most promising technol-
ogies for the removal of organic compounds from waste gas
(VOCs and POPs). In this context, dichlorobenzene is known to
be an important precursor of PCDDs and PCDFs and was
chosen as a suitable model compound for the catalyzed deep
oxidation of chlorinated persistent organic pollutants (POPs).
Catalytic oxidation of chlorinated aromatics is generally
carried out over three main catalyst types: TiO2 based V2O5/
WO3 [10–16], noble metals (Pt and Pd) supported on various
oxides [17–20] and zeolites [21–24]. According to recent
studies, zeolites seem to be very promising towards oxidation of
chlorinated compounds [25–27]. However, the cost of noble
metals justifies their substitution by transition metals. In this
case, the proposed solution takes advantage of the synergetic
effect between the ability of the biological material, i.e.
reducing the metallic ion, and the ion exchange performed by
the zeolites.
This work presents the oxidation of 1,2-dichlorobenzene in
wet air at 350 8C over the new Cr/FAU catalysts. These novel
catalyst samples were prepared from a robust biosorption
system consisting of a bacterial biofilm supported on faujasite
(FAU) zeolites. The NaY or NaX worked as a support for the
biofilm and was mixed with an inoculated medium with A.
viscosus bacterium, in batch experiments. The new biosorbents
supported in the zeolite were tested in solutions with low
concentration of chromium. Total metal ions concentrations
were measured with an atomic absorption spectrophotometer
(AAS). The results showed that the maximum removal
efficiency was 20% for Cr in both systems based on NaY or
NaX, and the A. viscosus bacterium supported in zeolite
reduces Cr(VI) to Cr(III).
2. Experimental
2.1. Materials and reagents
A. viscosus was obtained from the Spanish Type Culture
Collection of the University of Valeˆncia. Aqueous chromium
solutions were prepared by diluting K2Cr2O7 (Aldrich) in
distillated water. The faujasite zeolites NaY (Si/Al = 2.88) and
NaX (Si/Al = 1.63) with the specific surface area of
800 m2 g1, were obtained from W.R. Grace. The zeolites
were calcined at 500 8C during 8 h under a dry air stream prior
to use.
2.2. Preparation of the biofilm supported in zeolites
The preparation of the biosorbents was carried out using the
batch method and all experimental work was conducted in
triplicate. For the microorganism growth a medium with 5 g/L
of peptone, 3 g/L of malt extract, 3 g/L of yeast extract and
10 g/L of glucose was used, sterilized at 120 8C for 20 min.
Then, batch adsorption experiments were conducted using 1.0 g
of the Yor X zeolites with 15 mL of A. viscosus culture media
and 150 mL of the different dichromate solutions (50, 100, 150
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Fig. 1. Residual chromium concentration in solution after biosorption by A.
viscosus supported on (a) Y and (b) X zeolites for different initial chromium
concentration and as a function of contact time: (x) 250 mgCr/L, (~) 150 mgCr/
L, (&) 100 mgCr/L and (^) 50 mgCr/L.and 250 mgCr/L) in 250 mL Erlenmeyer flasks. The Erlenmeyer
flasks were kept at 28 8C, with moderate stirring. Samples
(1 mL) of the liquid phase were taken, centrifuged and analyzed
for metals using atomic absorption spectrophotometry. The new
samples obtained after biosorption studies were filtered off and
washed with distilled water. The samples have been identified
by designation Crn zeolites, where n represents the initial
concentrations of chromium solutions. Samples with n = 50
(50 mgCr/L), 100 (100 mgCr/L), 150 (150 mgCr/L) and 250
(250 mgCr/L) were prepared with both supports. After washing,
the Crn-Yand Crn-X were calcined at 500 8C during 8 h under a
dry air stream before the catalytic reaction in order to remove
the organic matter of the A. viscosus bacterium. This heat
treatment is essential to assure that the organic matter is
completely burnt off and will not participate in the catalytic step
and to allow the ion exchange between the zeolite and the
residual Cr(III).
2.3. Reaction study
Catalytic activity tests were carried out in a fixed bed reactor
(i.d. = 10 mm), under atmospheric pressure and at 350 8C using
0.14 g of catalyst (grain size between 200 and 400 mm). Before
reaction, catalyst samples were pre-treated in situ under dry
airflow (90 mL min1) at 350 8C for 6 h, then cooled down to
the reaction temperature. 1,2-Dichlorobenzene (C6H4Cl2) was
introduced into the reactor using a bubbling flask containing
C6H4Cl2 swept by a dry air flow, leading to a gaseous mixture
directed to a condenser maintained at +15.2 8C. The resulting
effluent was then mixed with wet air to ensure that hygrometric
level was matching industrial conditions. For the standard
condition, the reactant mixture contained 1.03% of water
(corresponding to a hygrometry of about 50%) and 667 ppm of
C6H4Cl2. The total gas flow was 75 mL min
1 with a GHSVof
18.000 h1. The reaction products were analyzed using an on-
line gas chromatograph, equipped with a FID detector and a
VF-5ms column for the analysis of C6H4Cl2 and probable
polychlorinated benzenes (PhCl3) and with a TCD detector and
a Porapak Q column for CO and CO2 analysis. The carbon
balance, including the amount of carbon deposited on the
catalyst at the end of reaction, was always higher than 98%.
Mass spectrometer (Thermo Finnigan Automass Multi) and
specific Dra¨ger tubes were used to detect the eventual Cl2 and
hydrogen chloride production.
2.4. Characterization
Total metal ions concentrations used during the biosorption
essays were measured using a Varian Spectra AA-400, an
Atomic Absorption Spectrophotometer. Room temperature
FTIR spectra of materials were obtained from powdered
samples on KBr pellets, using a Bomem MB104 spectrometer
in the range 4000–500 cm1 by averaging 20 scans at a
maximum resolution of 4 cm1. X-ray diffraction patterns
(XRD) were recorded using a Philips Analytical X-ray model
PW1710 BASED diffractometer system. The solids samples
were exposed to the Cu Ka radiation at room temperature in a2u range between 58 and 708. Thermogravimetric analyses
(TGA) of samples were carried out using TGA 50 Shimadzu
instrument under high purity helium supplied at a constant
50 mL min1 flow rate. All samples were subjected to a
6 8C min1 heating rate and were characterized between 25 and
550 8C on aluminum sample cell. The elemental chemical
analyses (Si, Al, Na and Cr) were performed by University of
Minho, Departamento de Cieˆncias da Terra, using inductively
coupled plasma atomic emission spectrometry (ICP-AES). C,
H and N analyses were carried out on a Leco CHNS-932
analyzer.
3. Results and discussion
3.1. Biosorption process
The fixation of chromium by a biofilm of A. viscosus
supported on NaY and NaX zeolites varying the initial metal
solutions concentration from 50 to 250 mgCr/L is described in
Fig. 1. These graphs show the residual chromium concentration
in solution as a function of contact time. In steady-state
conditions, no difference between the two supports is detected
and the maximum removal efficiency was 20% for chromium in
both systems.
The removal of chromium in both systems was fast and
presented a typical and well known biosorption kinetics [8],
which includes two phases: the first one, very fast and not
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Fig. 2. XRD diffraction patterns of NaY (A) and Cr100-Y after calcination (B).observable in Fig. 1, but determined by mass balance, is
associated with the external cell surface, biosorption itself, and
the second one is an intra-cellular accumulation/reaction,
depending on the cellular metabolism [28]. Consequently, the
ageing of the biofilm is responsible for a small increase in
concentration of chromium in solution, observable in Fig. 1a.
The relatively low maximum removal efficiency seems to be
connected with the apparent lack of affinity between the anionic
charge of the metal ion and the anionic charge of the bacteria
and with the high ionic radius of the chromium ion.
The peculiar adsorptive properties of zeolites are originated
from the negative charge of the framework Al atoms, which are
located inside the three-dimensional pore structure of the solid.
Although the zeolites exhibit large specific surfaces areas,
typically higher than 300 m2 g1, most of this area is internal
with an internal void volume above 0.1 cm3 g1 [29]. These
limitations probably reduce the adhesion of the A. viscosus
bacterium to the support, as the characteristic dimension of
bacteria ranges from 1 to 10 mm.However, the role of the biofilm
is the reduction of the anionic species to a smaller cation, Cr(III),
and this ion is easily ion exchanged on the internal surface of the
zeolite. The reduction can only occur on the outer surface of the
zeolite as Cr2O7
2 is not able to get inner the zeolite framework.
3.2. Characterization of new biosorption materials
The solid samples obtained after biosorption process were
characterized by surface analysis (XRD), chemical analyses
(ICP-AES), spectroscopic methods (FTIR) and thermal
analysis (TGA).Table 1
Chemical analysis of the zeolite samples after biosorption process
NaY Cr50-Y Cr100-Y Cr150-Y Cr250
Si/Al 2.88 2.95 2.93 2.95 2.94
CrIIIa – 0.11 0.14 0.15 0.22
CrIII/UCb – 0.35 0.45 0.48 0.70
a Chromium(III) loading on FAU-zeolites (wt%) after biosorption process.
b Number of chromium ions per unit cell determined from the Cr(III) loading oPowder X-ray diffraction patterns of NaYor NaX and Crn-Y
and Crn-X were recorded at 2u values between 58 and 708. The
XRD patterns of parents FAU zeolites and the modified zeolites
with chromium are very similar and the sample Cr100-Y after
calcination has been chosen as an example. In Fig. 2 is depicted
the XRD diffraction of NaY (A) and Cr100-Y (B).
XRD diffraction patterns confirm that there is no loss in
FAU-zeolites crystallinity after the biosorption process. No
variation was observed in the zeolite lattice parameters after the
biosorption process. Peaks due to chromium in both systems
were not detected, probably because of its very low percent
loading.
Chemical analyses were also carried out on the solid Crn-
FAU samples. The molar Si/Al ratio, the weight percentage of
Cr(III) loadings and the estimated number of chromium ions
per unit cell obtained by bulk chemical analysis are presented in
Table 1. For both faujasite zeolites, the difference in the Si/Al
ratio between NaY and NaX is due to the higher Al content in
NaX. The increase of the number of charge-compensating
cations or number of Na must be responsible for the higher
amount of chromium in NaX after the biosorption process. The
Si/Al ratio did not change substantially upon Cr(III) exchange
for increasing chromium concentration stages (Table 1), which
indicates that during the biosorption processes no deal-
umination or modification of the structure of the FAU-zeolites
occurred, in agreement with XRD analysis.
The number of chromium ions per unit cell determined from
the amount of chromium taken up by the zeolites after the
biosorption processes (Table 1) as function of the different
initial concentrations of chromium solutions is presented in
Fig. 3. Both systems are able to remove low amounts of
chromium. For both systems, only the samples with 50 mgCr/L
(Cr50-X and Cr50-Y) have the same amount of chromium
removed (Table 1). However, when the chromium concentra-
tion solution increases, the system based on NaX is more
efficient in removing chromium from aqueous solution. The
maximum metal removal efficiency is 20%, for both supports,
as a consequence of the biofilm action, but the relative Cr(III)
enrichment detected for the NaX in comparison with the NaY,
results from the major loading of this last one in Na
exchangeable ions.
Structural information of Crn-Y and Crn-X after biosorption
process has been obtained by FTIR spectroscopy. It was found
that the FTIR patterns of parents FAU zeolites and Crn-FAU
samples were very similar and the sample Cr100-Y has been
chosen as an example. The FTIR spectra in the range 4000–
500 cm1 are presented in Fig. 4a for the parent NaY (A), A.
viscosus bacterium (B), NaY with A. viscosus bacterium (C)-Y NaX Cr50-X Cr100-X Cr150-X Cr250-X
1.63 1.63 1.62 1.63 1.63
– 0.08 0.19 0.23 0.46
– 0.28 0.67 0.80 1.60
n FAU-zeolites after biosorption process.
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Fig. 3. Number of chromium ions per unit cell determined from the amount of
chromium-exchanged in zeolites by a biofilm of A. viscosus supported on (^) Y
and (&) X zeolites for different initial concentrations of chromium solutions.and Cr100-Yafter calcination (D). Fig. 4b shows the parent NaY
(A), NaY with A. viscosus bacterium (B), Cr100-Y before (C)
and after (D) calcination for the range 2000–800 cm1.
In systems with Y and X zeolites, the spectra of the parent
zeolites and modified zeolites are dominated by strong zeolite
bands: the broad band at 3700–3300 cm1 is attributed to
surface hydroxyl groups and bands corresponding to the latticeFig. 4. (a) FTIR spectra in the range 4000–500 cm1 for: NaY (A), A. viscosus
bacterium (B), NaY with A. viscosus bacterium (C) and Cr100-Y after calcina-
tion (D). (b) FTIR spectra in the range 800–2000 cm1 for: NaY (A), NaY with
A. viscosus bacterium (B), Cr100-Y before (C) and after (D) calcination.vibrations are observed in the spectral region between 1300 and
450 cm1 [30]. No shift or broadening of these FAU zeolites
vibrations are observed upon inclusion of chromium by the
biosorption process, which provides further evidence that the
framework zeolite remains unchanged.
In order to confirm the presence of the A. viscosus bacterium
in both FAU systems, the zeolites were mixed in the same
experimental conditions with 15 mL of A. viscosus culture
media and after analyzed by FTIR. The infrared spectrum of the
A. viscosus bacterium (Fig. 4a—spectrum B) is typical from
bacterial extracellular polymeric substances with a complex
mixture of macromolecular polyelectrolytes including poly-
sacharides, proteins, nucleic acids [31] and lipids or humic
substances [32]. The FTIR spectrum shows one broad band in
3300 cm1 due to the vibrations of hydroxyl and amide (N–H
stretching) groups; the small bands in the range between 2970
and 2800 cm1 are attributed to C–H stretching of the groups
CH2 and CH3; the characteristic region of the bands between
1650 and 1400 cm1 are attributed to the vibrations of the
functional groups such as carboxyl, phosphoric, amine and the
bands in the frequency range 1250–900 cm1 result from
vibrations of the polysaccharides from the bacterium [31–33].
In the NaY with A. viscosus bacterium spectrum (Fig. 4a—
spectrum C), the presence of the organic material can be only
detected by small bands at 2970, 2925 and 2860 cm1, and at
1457 and 1400 cm1, where the zeolite does not absorb.
The IR spectra of the modified Cr100-Y before calcination
exhibits a band at 1400 cm1 attributed to the presence of
organic matter from the A. viscosus bacterium and a slight band
at 1385 cm1 which is assigned to the presence of chromium
after the biosorption process (Fig. 4b—spectrum C). After the
calcination, (Fig. 4a and b—spectrum D) the absence of the
bands in the region 2970–2800 cm1 and of the band at
1400 cm1 is evidence for the previous presence of the A.
viscosus.
The success of the heat treatment of the samples in both
systems, to assure that the organic matter is completely burnt
off, was confirmed by the analytical data of carbon and nitrogen
obtained by elemental analysis. As expected, it was not
detected the presence of carbon and nitrogen in any sample.
Complementary studies using thermal analysis contributed
to a better understanding of the effect of the A. viscosus
bacterium and of the concentration of Cr(III) on the thermal
properties of framework zeolite. The TGA curves of parent
FAU zeolites and of Crn-FAU samples were very similar and
sample Cr250-X has been chosen as an example. Fig. 5 shows
the TGA curve with weight loss derivative behaviour of the
parent NaX zeolite and of Cr250-X.
The TGA curve for the parent zeolite shows a weight loss at
120 8C which can be attributed to the removal of intra-zeolite
water. After the biosorption process, twomajor stages of weight
loss can be evidenced in a broad temperature range (i.e. 100–
500 8C). The first stage occurs above 130 8C with comparable
weight losses for all samples and it is most likely due to intra-
zeolite water desorption. On the other hand, differences were
observed at higher temperatures in the second stage of the TGA
curves, which corresponds to the decomposition of the organic
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Fig. 5. TG (—) and DTG (- - -) curves for NaX (A) and Cr250-X (B).
Fig. 6. Total conversion of 1,2-dichlorobenzene (*) and conversion into CO2
(~) as a function of reaction time over Cr50-X (a) and Cr50-Y(b) (T = 350 8C).matter of the A. viscosus bacterium, in the onset temperature of
the decomposition process, as well as in the weight loss extent.
Results are summarized in Table 2.
Differences in weight losses and onset temperatures of
organic matter of the A. viscosus bacterium decomposition in
both systems are most probably related to the different ratio of
Si/Al between the zeolites. In fact, the X-zeolites have an
increase in the charge-compensating cations due to higher Na
number which promote the efficiency of bacterium adhesion.
After calcination, the TGA curves of Crn-FAU are very similar
with parent zeolites.
3.3. Catalytic reaction
The catalytic oxidation of 1,2-dichlorobenzene (1,2-PhCl2)
was carried out at 350 8C over NaY and Cr50-Y, as well as over
NaX, Cr50-X and Cr100-X samples. This study was achieved
particularly over Cr50-FAU because these samples present
approximately the same quantity of chromium per unit cell
(Fig. 3). The total conversion of 1,2-PhCl2 and conversion into
CO2 over these two catalysts were reported in Fig. 6, as a
function of reaction time.
Table 3 presents the catalytic behaviour of tested samples.
Whereas NaY and Cr50-Y are stable throughout the reaction,
NaX and Cr-X deactivate as the function of time. Global
conversion over Cr50-X decreases from 60% after 5 min
reaction to 35.5% after 4 h. Residual activity (AR), taken as the
ratio of final to initial conversion, ranges from 0.46 to 0.59 for
NaX and Cr-X catalysts, against near 1 for NaY and Cr50-Y
samples. This strong deactivation observed over NaX and Cr-X
catalysts can be due to the presence of Na+ cations in sites III ofTable 2
Thermogravimetric analysis results of the zeolite samples after biosorption proces
NaY/NaX Cr50-Y Cr100-Y Cr150-Y
T1
a (8C) 120 130 120 120
T2
b (8C) – 345 335 335
Weight lossc (%) – 3.2 3.5 4.0
a Temperature of water desorption obtained from DTG curve.
b Temperature of organic matter decomposition obtained from DTG curve.
c Weight loss due to organic matter decomposition obtained from DTG curve.FAU zeolite, which can be removed into NaCl clusters. As in
the case of dichloromethane degradation [26], the loss of part of
sodium cations are substituted by protonic sites. Thus, after 4 h
reaction NaX was as active as NaY for global degradation of
1,2-PhCl2. However, after the same period of time, the activity
in oxidation (conversion into CO2) was slightly greater over
NaY (and Cr-Y). CO2 and CO (+HCl) were the main products
formed during the reaction, no polychlorinated benzenes
(PhCl3) and no Cl2 were detected and coke formation was
residual. Selectivity towards CO2 was better over Cr50-Y: near
80% against 67% over Cr50-X catalyst (Table 3). The effect of
Cr content was also studied over FAU-X zeolites and it wass
Cr250-Y Cr50-X Cr100-X Cr150-X Cr250-X
120 130 130 130 130
335 325 320 320 320
4.8 4.7 6.1 7.7 7.6
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Table 3
1,2-PhCl2 total conversion and conversion into CO2; selectivity into CO2 (SCO)
taken after 5 min and 4 h reaction at 350 8C over Cr50-Y, Cr50-X and Cr100-X
catalysts; residual activity (AR = initial to final conversion ratio)
Catalysts 1,2-PhCl2 conversion (%) ARðCO2Þ SCO (%)
Total CO2 5 min 4 h
5 min 4 h 5 min 4 h
NaY 32.0 30.0 24.0 22.0 0.92 75 73
Cr50-Y 47.5 47 37.5 37 0.99 79 79
NaX 55.0 30.5 33.0 15.3 0.46 60 50
Cr50-X 60.0 35.5 40.0 23.5 0.59 67 66
Cr100-X 99.5 38.5 93.0 34.5 0.38 93.5 89.5concluded that the increase of Cr content increases the initial
conversion (Cr50 and Cr100 in Table 3), but does not reduce the
deactivation effect. This suggests that deactivation was well due
to the loss of Na cations in exchange positions. However, the
increase of Cr content leads to a better selectivity into CO2,
even after deactivation. After 4 h reaction, production of CO2 is
1.5 times higher on Cr100-X than over Cr50-X and selectivity in
CO2 was close to 90%.
4. Conclusion
The results reported in this paper show that a biofilm of A.
viscosus supported on Y and X zeolites is able to remove
chromium from dilute solutions and can be applied in
wastewater remediation. The reduction of Cr(VI) to Cr(III)
is performed by the biofilm itself and this metal is exchanged in
the zeolite. From physico-chemical studies presented, is clear
evidence that biosorption process can use with zeolites without
damage to the original matrix or loss of its crystallinity. These
novel materials show good properties for catalytic oxidation of
1,2-dichlorobenzene in wet air. Among tested materials, Cr50-Y
showed to be stable during 4 h reaction and able to convert
about 50% of dichlorobenzene.
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